[ Downloaded from journal .hydropower.org.ir on 2025-07-28 |

[ DOR: 20.1001.1.23225882.1395.3.9.4.4 ]

Journal of Dam and Hydroelectric PowerPlant 1 G2 09,5 5 I (g sele 4 585
3rd Year / No. 9 / September 2016 VWA Ll | o o ko [ pgas Jloo

Yay Jle o LboT BYpY. vy G’Td)" solSg sg.blf 9 si‘ﬁ' S VY (owy

\E3 .
&, 995

r-\-"-"-'.’)‘ s

RV S

565 Lol 215y solsye LS (cw)p 5 Olnl gk s TY adllas Goios (ol Slol Sun
olal (55,0 slaasl)s g laosls g Jodos S8 4 AVAY Lo o Ses olal 5y s,
1) G nl 65 e (6,500 e ol (5550 slao ] o lade @l gy 65 S el
Jle s 31 oSy s cpl (g, 5 0 ,Ses Sbj)) jo 0S8 o pleie wlive OYle b anglas (o
Loz 5 Jols Ll eSileo o IS domati il sl bl 4 5 0uiais,S S5 Matlab 5 EMS
Sy 28,5 3l Gl o5y 4y 3T a5 05 s oS 4 Jgl ) Censl 00 dslono s,
55l e sl o ooliiasl o S 45 ot (oSirad 51 o ke 51 oS ) s dglie
aS s ebay conl S lase &bl colainl b (Bolas (g5, Judow L BCC g, mls o
o9y 25 O )5l cp i Bk 5l sl sl Caws @ PYIARY oyl ls e (SKiwaon
ool 055 i gl 5l ool b ol (5550 Julow b o luibins] b0l gjpe b
2 oe )8l sl ) o awl sud il A47FV o] 2l Ge Saan a5 5 5bay

2w YY) 7 41 BCC 4 CCR

Soals’ slroily

LS lase milg ( Bolal (55,0 slaan])d daesls pils Jlow

vnajjari@iau-maragheh.ac.ir (ol 1 el o ¢ oSl 5137 olStils cadl o doml g O 5 Ol O Kiin g3 o5L "
Ot et oSl 515T o2 4t o ol s Y

VRO FAYY i VWA VYT 13l 5


https://dor.isc.ac/dor/20.1001.1.23225882.1395.3.9.4.4
http://journal.hydropower.org.ir/article-1-134-en.html

[ Downloaded from journal .hydropower.org.ir on 2025-07-28 |

[ DOR: 20.1001.1.23225882.1395.3.9.4.4 ]

WO)LQ.«»/fy»Ju/@TdfoL?Bﬁjwabj)J_wJ&b)w ............................................................... N4

5 olatdl hmecan iyl B Sl g
CS g s0ol5g,0 L) laolS g, cpl g aizBlo o5 Sl
alie pdy w55 @l SR eiren 5 (e
ol bawslie o ol ol s bl sy dilosges
039 (VWAY) sidu 1oz g 5,0t dllae Lol cony ooy 15
Qoo Ve dga a5 wis )5 el 095 Guiiow jo lil .l
Gezmed Sl G oady 5l G Gl sl (o]
S35 Bl 5l (80 @eld) i Gl 090 )0 Pty
o & e 9 0300 L) ) S8 alear 5l slalRlS
31y 1ol poles b dagliin 5 ] sloolSs i sll5e
Gl 55 Srae Giluanty Suzr 2bo)lel, culeys s
Sl p Olpl dlazjl civiie ,5u8 YV ana, Laioh
Jelod gy jlesliial b pdy waad 3 adgs po 21
S Gy Sl TS e g 050, L ool iy,
e gyl S oyl ) (Vo +5) ol Kan 5 g
Corlus g Comaz pdy o mlie 51§ odgi Sz o
o3l el Gy aIBU 0dsi 5 699)9 Glarear ]y 325 5o
slazg S ) ()5 wenSliss HLal pliae GosSan 5 plie
i) Slsloe gl olul 8,5 L 40 955 o

28,5 LYY 4, o ol
Js 4 39250 SlaolSy s 5l A oslitul pg3) 0SS
S Slpesi 5 5, 5ot (Sl (39 i 3e
e (OYAA) (sy0le> 5 anls a5 ol Joy g0
oSy s 0 Slas Waosls by Julow SaS 4y g 2o)S
S 4o dumlio 4 (VYAA) (ooME bidgas (D))l 1, 59t
TIP3 SO U FSIPRPXW. 2
16 651 45 S8 a5 caloy 5 w3l slaliws,
S (gl 25385 laling; (6551 als o olaiaSzsS
AYAY) oLas g olowds .cnl golaidl 4z g5 lyls &5 )lo
Sl el Sl 890 50 (ol g gy jle anlllae
9 el Sl oSy ple g latan o5,
Jol> aoes . wiols plowl a4 35 s Sz (golazil
Jols ()5 sleanza S1 a5 op cnl Ll s
G ooyt 48,5 5l )3 s cnl yo GRS sla S Lasl

SodeS SW)) 5 g golatll g (Saio 0l SLE (g 0)9 sl
St 32 g Sl G0 Canio 9,5 53 5585 0 )0 (S
Gr My g sty Gy 6ok OhRaegn oS
e S S, 5l (S Lo slo)9aS 25T )8 S e (3o
o2l 31 o ol 45 el boias 51 00l ¢ 30 Al cyasl 6
o 0252 (59

Sieyaelip Siglas 8o By jlas ool 5 by 5ol
=65 g s el 00 el Y (5 500 el (60l y i
W obee @]y loyssS G ol 5o Jsl 4, 655 slo
=5 PSS ) (A5 s e 4 S T g l5e
10 Jolas ot 6,5 gloolSs i olglKo 3+ - 5 15 A
5 OlsSa Ve s lm Y ol slaolSs i wlslSe B5 ¢ 5 l3n
095 &y Gy odgi jo |y Dlgle YA 5o slagr s (e
YN Jlo Jgl ded jo cenl ()53 45 o3 Laslosls plazs]
FooaS oad Hlas o,ly 280 as axly DIl YYY -
5 Sl selSy 4 by a5 2G5 o] SllSe
S5 TP o0 a5 Clbls axgr Wb ol oS IS
i 48 3 S5z Glal )0 2l s cedil Clslse
el 33 54355 ()15 slaalssg, u pl adg> 5l ol eses
Oyl VY -+ slaolSy o e yol> Jlo )0 (Jg 209800
SR eadedel (5 )aelipy ulal p adl oS oo wdgs 3
o g8 1B+ e o)l o o WsS gloolSy e
byl Olgle B0+ 50 yerms g Dl i Jolae ¥ (9 lS
Mgy anmg 3y50 0 wims Gl 1 88 (16
JUTSSICIRIL SRS IRW S SOV [ RO T PRI
Sl V0 ol bl ol> b 0 aS sog WlglKe
el 00

Tre 216 SeelSsys Sl 0)50 0 sobj slace,
e adl el 13 sl TS g, T ol jo a5 el
) iz s ol LRt 30 s Slasl s
8Ly il g 95290 OMSie (o 4 diie) (50 598
oyt (VWAY) (ool 5 ol pge lazsls y basT o (sl

el s gy a4 pdy (S9N 50 @55l G o ST

" Benchmarking

! http:/files.spac.ir/ Y- /asb Y« /.azan
4.l /Barnameh%?20gozashteh/240/p9.htm


https://dor.isc.ac/dor/20.1001.1.23225882.1395.3.9.4.4
http://journal.hydropower.org.ir/article-1-134-en.html

[ Downloaded from journal .hydropower.org.ir on 2025-07-28 |

[ DOR: 20.1001.1.23225882.1395.3.9.4.4 ]

[A) AU \yay JL«» ) L‘EQ.‘)JM@.‘O)J 6[.@0@5).:.3 @‘)Ssg‘f‘wv\' o

g 9 dlge

bl peSojlil sla i,

1 bl i 6 S e sloosls Y LS Al
o 5ol gl 51 L o lo i pie g solazdl slac
h @B sxSoslal el p (i sla g, asgorme oS
99 4 VAV a0 ol (6 ,5ojlal Jee oSal 59,5 ol
45 09 g0 (5910l i (Sae S el bl g S el s,
Sl @ a2y (o5 slaans b a5l 6l LG slagsy,
WS 29y 9 (539)9 4 Cudgazme Jlasl 13 5 wdgi &b
ot Siye Jels ((SFA)Y olai sjye Jebs (b,
slagrs, 51 C'DFA) w5 gsn Jebs 5 ("TFA)
ey & Ol Syl slo s, Sl aiee SOyl
@y, O Je s (TDEA) lacols oodgy ko
5,5 o,lsl ("FDH)

5 ol GleelSs s ohlS alxe sl (g (ol 5o
Srebl Ghgy dwesls oadgy Jlo syl g,
9y 00 hade @i Ghg) e g (Bolal 550 slanl
Lol oals eolawl  Bolai (55,0 sl (gl )l

ol ol &l delsl o gy dw ol SL3 s

bools utds gy SJudos
@S SLil e bl (o) Wosls (adgy Jolos
ool g BT Jse () 45 sl (6 S el (sl
45,5 b CCR Loyl oo i zylae (VAVA) ol an
UK el g 51 oS o gl By el a5
axly 2B 2L slr Joe ool 699)9 95509, b (Lol

el 5 &g ol K (6 S praa

il (Sl 5 Ul BB a5 SO lyea laas
5 oS el el 55 shis (slasileny Cupae
2500 518 5) G «Mlane plyeds Boly> 59 5l (6 T gl
sy (VFAY) ol Sen 5 aalts bawg (6,503 Gedow
oo o plol o1l jo ol 5, o8, axly Yo ganas,
Celos Lasgie g 03,5 oolicza baools _iisgy Jlow s, ;]
Syl g 609)9 plgrear ]y oy (JEo Bras 5 05,15
2055 Joe slazs,s Olssar |y Tosugl adg g les
@l 5009 LIS ol8g 5 28 LS (gm) g yo c )5 Sl
ool Glorkszre o5y 15 (61 SG 4 5 (S g,
g bodls gidg Jolos (V0) Toplipe 5 )l
Szl Jore Cagll om0 1) (Bolad (55,0 slaanlp
0S5 @olpiiay e YA 5 a8 )15 a4 5 oy,
Aol A5l ag3 Jaa 0 o] aioges sancaglyl 1) 45 5
53,8 o3l (29,3 Olyedr Sl )l So g 599)9 Glorea
ke Gy oy VY anllas (el o bl CBun
ool ool ey 5 @bl alre G 5 )
SoolSy s LSy 5 sl VFAY Lo oShae
T Eolas 550 slmanld o Tlaools iy Jolow 51550
» Pakake &y (i) xS A oS eolind
Soly ol ) p Son o Bolal g5e sleanl
Yo b anglie ;o allie o) sblse ;500 517 (6 8 puenas
L laolSgym a8, 5 2B ambre 5l G ool i
ol Jeol @l awlie jolaited Jlaisyge slagtsy,
03,51 Cewdty 1) Jao 52 0 LolS's i (sl )yt (Ko

Ailoass anglie po b o g, mls 6,850 oliae s
@ Sl sty 2 Grare & GBS Cnl p9d i3 5o
Oy,5 4y pgas Sy Sl oals wiSls py 0dlds aid TS o
16 sLelSsy @ o)y ) onigshe ladas
o o basleiing 5 (eSS (b o g Seulond o Lal

sl 00 45‘)| P)LQ-"

8 Farrel

? Stochastic Frontier Analysis
19 Thick Frontier Analysis

1 Distribution Free Analysis
12 Data Envelopment Analysis
13 Free Distribution Hull

! Gross production

2 Najjari & Mirzapour

3 Data envelopment analysis

4 Stochastic frontier analysis

3 Copulas

¢ Decision making unit (DMU)
7 Efficiency


https://dor.isc.ac/dor/20.1001.1.23225882.1395.3.9.4.4
http://journal.hydropower.org.ir/article-1-134-en.html

[ Downloaded from journal .hydropower.org.ir on 2025-07-28 |

[ DOR: 20.1001.1.23225882.1395.3.9.4.4 ]

WO)LQ.«»/fy»Ju/@TdfoL?Bﬁjwabj)J_wJ&b)w .............................................................. OA

Sla Pl oy, ol Guizmed a)ls (29,5 5 62959
ol &5 Sl (nl (2R g WS oed Joe 3)lg ] 09750
el s gL 5L 1 56 LIS e ) bacidls]
Sire sbanlp wile gl slass, o S Jl)e
sths £95 90 <S5 O)gods (€ (Fm) Joe sllas ol
V g piows 2,50 5 iU gl u cwle=u+v
Slpss aile (gmgin JB 2 Jelie 5 (AU sl
U 1y Ygone ol 00 5 395, ol)IS Laoma dyagi]
sl Logos 5 03,5 o Jlai 1o Ll 5 Jlo i s oled 95
Sl gly plaseadle 05,5 oo Hhai jo Jbys e U
=0y 5 Grgse s VAVY) olSee 57 STy il oo e
Soled aexl e (1AYY) ‘chﬁ oo

2 02 agas o Bolas (g0 sloanl b slaaa )51, o
Dol aited @b 5l Jiewe U 5V slallas a5 ol oyl
Jrdly 392 Slgiien a5 092 (s3l3) sl 5 SG (V- A)
Sl o 05 oo 1) S g0 (ol G (Shen
o Bols sliin 1 (ate @l (Ko (0l 55lo s
ol 50 Joe sloialil (Jate @l 0, )5 4 )
Tl 5 B abor ) itz 1 (5 )l 95 035 e
e g sl (VoAY) Ve 5 sagedl (YY)
il aalal 1y ol ol 5 azb iy 1y Coansl slgii (Y+1F)
slagae ;0 (ats wly (23,5 )15 4 Sl )55 4 05wl
g Sl g, Egdge (Slowlone g (5555 o I (Bolal 5550
By 0 don ol oo ol wll o ladss
5 00 plaml (ol (5550 wl)d (5590 aell )0 ain
Tros 2l o0ys) Cawd a5 5 T sl el 0,515 055
&l 654 0975 5 Llie Koo Bk 5lald salys o3l
el o @) 3 _Luaio

(53305 55y Jolons
OVY) GhlSen 5 KT Lawgs laml o dolas 55,0 Julo
C).Ia.a (50>L4a§‘ u.’>u PO (\‘WV) ‘597.‘ Qé u‘ﬁ 9 ™95 9

S bl Sypot 0o 5 6 yuhl Ojgo 0o (o9, Cnl ol

S
MaX z uryrk
r=1

Subject to
k

Z lerk = 1
r=1

i ViXij = 2 uy, z0; M)
i=1 r=l1

vou, 20, i=12,.,m,
j=12,...n, r=12,..,s.

D )gods (6399 L (6 oS ool slaozly olaai 7t o1 jo &5
el o 00l L Vi L oS sl 2g)5 S slo 5 X,
i o1 (29,5 9 pl1 595,5 S5 i 4 Uy Y,
Ly CCR assl oy See 4 b 5 azily s Jow
OBy Jsl B> bg as LI OAAY) 1S 5 Sy
(25 5y ookl b Jow () .c8 )8 sUBCC Jows allie
" e |y S peeal oy aze oIl
@b iyl sl Jae Gl 53555 9,59, L adsl )8 S

el 25 S50t pl K (65 el 3>l

Min 6,

Subject to

6, % — Y A%, 20 "
J=1
DAy =Y 20
Jj=1
ZA/ =1 s ﬂ'j > 0
j=1

Sl Ty oK (6 yeF s a5y S ks B ] 0 45
5 X Doped 695 ML GpSeeeal slaosl
Sypods e S b s i=12,..m
axly o9 Lol ﬂk s sV b= 1,2,...,8
sl wl cas 4 S5 plp ‘91( Slewl ol b 6,5 puoas
Ll THS (6 1S ol 9lg ] 45 Csline
ey 3 oL 5 o ol
Srars 4 5l syl slagis, 45 i bl
@ Cudguzme Jlosl 555wy &b LSl 4 a2y (oS

5 Smith
¢ Carta & Steel
7El Mehdi & Hafner

! Banker

2 Efficient

3 Aigner

4 Meeusen & Van Den Broeck


https://dor.isc.ac/dor/20.1001.1.23225882.1395.3.9.4.4
http://journal.hydropower.org.ir/article-1-134-en.html

[ Downloaded from journal .hydropower.org.ir on 2025-07-28 |

[ DOR: 20.1001.1.23225882.1395.3.9.4.4 ]

[A ) SRS \yay JL«» ) L‘EQ.‘)JM@.‘O)J 6[.@0@5).:.3 @‘)Ssg‘f‘wv\' o

aSsysba [01] 5 2,1,v,v, 2 sl & (o
o oty LUy, v <y,
C(u,,v,)—C(uy,v,) = C(u,v,)+ C(uy,v,) 20
S 0piie Wi @ @y lade @y Ko lea
CHESs (L) o3l byl sanss slasls mlg oS
B ax g g0 glel Gl jo milgs ol o g0 4.l
e (6505l gla e 51 JEis adlsi ) Dol 2l
&5 )0 35 S @i el 5o it 1p U
Sy sl gilodue jo wedy0d8 )l Jade
o) wBls span bools mie a5 Jlej ohagdr 5 aius
ol el WS e Lyl (Soon 5o bl 1B sy
Sloyiie 1S (28 el TSN apad L 4 s
sl i 4 s H o pls i o slls XY bolas
C oo Late b o510l G 3 F lail> slag ;s
H,y) = )l X,y 2 slp aSipsbar o)l o9z
&g ol atws G g F aS 50,0 . C(F(x),G ()
(&l S8 b ardd (2S6) Conl 380 pazin € Lo
&9 &y shate @y ISl 40d 5l lams Glyea
S oo i ya b amnSs lanils slagser b1, plys
o O quodasy] g T sgty wiss 90 4y ], lake g
sBaus 5 gomaiws ol andl (Y- -V Zall cous) ailes,S
Slasall (6,50 &)god Ll (Saw ) (] aasie
W) Sgan @55 (Span (ate il )5 Lo con
iy g w658 b syan B R0l
odlgils ol yo zhlae lads ily 5l ans (,ldie aallis
et 3 g Sl Pidsginl (aie @l Y (gl lae &b
Sroske py8 15 el 560 )5 (omglS (ate 150
Sl Cisgnl Lade ab 4 Cod
shate @l 5ol slaai Jols (cuined)l (lade plg
a8l S e @l ul oS s wiz 4 g Sl
09,5 Ll ool ool ool 36 wolg cnl (s Seu Vgl ensl
Cald ) 59,18 Blad (wial 03l 4 (Lade milg oves

&b Oygon ]y oo win late plg o cwined )l iuled

1251 o mls Sl y 52acnll sounl o J3eys B
Bla g sarll) 09500 ) @ Gy, ol syl Sl
23 Loyon (Bolai ddlie (9 (55ye Wy oo (VY
WD gl g0 g

vi=f;B)TE, i=12,..,1 )
N ol g)lop X condosalice >9,5 Vi ol 0 &S
=X 0) @i Gady g sud 43,5 IS 4 535
y50p il &5 (85, byl 5 sylon = B s adsi e
Cwl pliozly o9, oS olgrea TE, b, cp) )5 095
Zo> Al peadesslin (29y5 5l Cwl S)le
il it K TE, @S o 11 sodys oy (S
Sypot ol Ol Syse e
AL U 20 &Sspba ey TE, = exp(-u,)
) San 45) OXP(V,) 530k Sa il s
oyl g 955, cgolatdl CMin dgagol Ol s b
ol 1= 12,00 o sl () alayl, 4 o1 Jlos! 5 (0l
Y, = f(x;;3;).exp(-u,).exp(v,) )
"ol o)W 8 f(X3 ) oS 6y azliz
g g0 ADgl 5 Dygeds (F) alaly ol andls )

lnyi:ﬂ0+z,6’nlnxm+v,.—ui o)

S 5,5 & aslg e i oMb gl laseaddle
15 LS dazle (VAYY) o 53005 5 crmsse 5 (VAVY)
slagsy (85 i 0 5 (0) Joe 5l eslinul b allis o)
dlne |y @l U 5V lp oy @ Jlpmpe g Jbop

255 bly>

T hado zilss

Oyped b oY shate &b

el 5 Ple gyl a8 el C [0, ——[0,1]

ol [0,1] U5V e gl
Cu,0)=C(0,v)=0, Cu)=u,C,v)=v

¢ Habiboellah
7 Gaussian
8 Student

! Cobb-Douglas

2 Copulas functions
3 Sklar

4 Elliptical

5 Archimedean


https://dor.isc.ac/dor/20.1001.1.23225882.1395.3.9.4.4
http://journal.hydropower.org.ir/article-1-134-en.html

[ Downloaded from journal .hydropower.org.ir on 2025-07-28 |

[ DOR: 20.1001.1.23225882.1395.3.9.4.4 ]

Cowo) @ = 1 b (g haio pab (gladais Hloges (1) S

(wl,w)9= 39(%

sado 2olsd 5 Solai 5y Judood

e Jelo b Loy o8 23 Gl on o8 o i
Sedsl 5 (Ve A) Pl il Lade aly 5 ol
olai 55,0 Julow jo 1) ate mlg 0,15 a5 04y (501,48
odg Glp gy (VAT 7 i 5 B)l5 150 ols slgriey
eian 3 (VD) ¥ idlo 5 gl G, 51 5500 i
a5y olas 55,e Julow b Lyl o (Y1) A L]
ortd Bos alie 5l i o el ouds @) ke
Lol (Bolar (65,0 Julow )0 Lade milsi (6,5 ,54 0920
5 A% by golgiin Bolal 550 S5 Joe
VS99 000l 5 Gmsse Geizes 5 (VAVY) ) Sen
P=1,2,01 0 o)y ol onds 28,5 L o (VAVY)
:p__v.)‘é

1ny1=ﬁ0+2ﬁnlnxm+vl—ui , *)

a>ly 2 slp LY 5 g) bl &5 debe (B
deily So Bk 5l g s Jaes ol T (6 S e
g U~ Gy oS B sl dgzge Vg Uy (Son
&b H g (el )Ll w5 plon ~ 1 ki) v~ Gy
b Sl i 4y Ly &g o) 50 0LV 5 U plgs aujss
WS oo o pj alaly j0 4S5 by 8)l0 0525 € Jaie
H(u,v) = Cy(G,(u), G, (v))

sl dnslona BB 35 &) g0y plgs S mls ally ol 5l g
h(u,v) = g,(u)g,(v)Cy (G, (1), G, (v)) )

Agm sl 5 sl 4 o8 05 oo ol 8l e
ate mly sbojlul ailre jo cwlel i Wge
Fa gl NS (Sios oy Jed ) i)
=031l ol g leallos jo ( Kiod dnle 5 5. (5
ojlal cpl 25T duloee o)l oage p ) lade mls sl
Iie Slaslxe Sawzey Jdo 4 Lade sl Lol jo
M w).u».) ) Lbo)‘du‘ Q"‘ ‘_g‘).: Lg‘w P)S 9 |
a506[0,00) 4 [0,1] 5 Jg3 ST g aimg s @ 51
. -1
Cu,v) Kl @ )y @ 5 p(1) =045 5,54
. -1

-0 s CU,v) =07 (P(u) + (V) &jp0u o5
b S s g Sawlb |, lase ol Loyl b 0gd
abl, 5l a5 et alygail o
&l Npboe Jols Cu,v) =97 (p(u) + ()
‘-J»a_f.:.a é’L' «.\J}A (0 eL» "\"5’“(5" D«.\.».o'.i ‘Suw)“;»a&a
"Snodﬁ.obdms“s.uw)‘émebdl}w‘).)jw‘
9 Toe sYals 1 SO a b js Gudes ol o 0ed
aS 5,5 eedlym ST e ol a4 pwispedsyl 05,
5wl le o Glasie

Cuv) = max([u'g . 1]_?1,0),

2(0) = é(fg ~1) Oe[-Lw)—{0}

0
=g ke &b ol sl IS (s

&b sl logas (V) Ui 50 7€ (0,1].45 5, sboay ol
.w‘o&o&‘bow 92350:1"'&)}""“ -

¥ Js Sl yao oYL Alss jo Ko 00lgils (il sl
-1

T

Sy3e 30 i O] gl el 27 1y il dlis

20,5 oo dlgaion (\’H?)‘cog,...b SlS Jars algs

¢ Carta & Steel

7El Mehdi & Hafner

8 Amsler

o Aigner

10 Meeusen & Van Den Broeck

! Kendall's correlation coefficient
2 Spearman

3 Gini

4 Nelsen

5 Smith


https://dor.isc.ac/dor/20.1001.1.23225882.1395.3.9.4.4
http://journal.hydropower.org.ir/article-1-134-en.html

[ Downloaded from journal .hydropower.org.ir on 2025-07-28 |

[ DOR: 20.1001.1.23225882.1395.3.9.4.4 ]

2 PR RRPPRR \yay JL«» ) L‘EQ.‘)JM@.‘O)J 6[.@0@5).:.3 @‘)Ssg‘f‘wv\' o

LQ’QT 6)“'\§"L> L’ "\*‘*‘Ll} = (&u>&1v>é>ﬂA) t_'a"l"“"""’)~>
S xS penas $Baly by 2Ll 563,510 (1) bl 5o

b s E=u—v Bk ol salys Jol>
Var(g) =Var(u)+Var(v) —2Cov(u,v) (1)
u’l..mlfl) Var(e) )\..\.%i.auj v UMWM‘S»JA
Var(e) sublsU g V cpn woSxe (Swoad g 203 o0
#) Joo 5 Var(s) by ol assie Gl 1,
&S P38 aulre axlye g yeS las 590 Eeb

el s0 (599

oolSy yui 2, 5 el ni

O 0 ol Lo s Jawe Jlasl idy ) jo Lol Bus
5 olnl ke @l ww TY  jas glaolSs 15 s, 2 p9o
oSy, (V) Jgaz 5o cwlapl Gl (i eess
ol oas 1) o] Lo g0 lasein ol jod 4 Eoud g0
Gl bzl 51 g 005 YYAY Jlo o Sl 4y Loy o dools
4 e O 6lp el (s BB g D)l AT
B9 dxzl e (V) o,lels &> 10

Spas Glpe wasl asine (V) Jaoz 0 a5 jsbiles
WYL 5,515 anssis sl SglS an s ol5g 5 Lo

C».‘{Le.;)bgﬁ&ha o> 0155).:.3

h(u,v) Slacdl> sy s =u—v 3,5 ki ol
qou,lo
h(€) = [ g (g, +6)C,(G,).Gylu+edu N
S b M) akly o e=Iny = f(x;8) s i&l> L
AN oyl gy Sl eolinud boasde Jel>
iy Jae sloyiall 5 JeBhB 605l Y pleiiv o
Slog ;s (shate gl o5 olull il ge Cuss 4 ol
Silodie bl (Krewas b 5 Jitews 1, slacil>
39 s ol s 3 Slhanil ol @355 @ ol s 25 oo
atda Gime b Wigee ol loails a9 o
Baa (Bolai (5jpe Joo GeedS Sl o Sl (o 050
o el gpSeal slaasly (Jhg, 2l Amslxe
el o) O30 (SBs, 25

TE = E(exp{—u}| &)
i )lo (M) 5 (V) Laalgy 5l ool b g
TE = 1 exp{—ulh(u,&)du A)

h(g) ™

P 5 el 5 (Voo A) Sl 4 it SLS52 ln
2 2R by Gl 65 B Sax 0eh asxlpe (V0T
s u~N'(0,0)), u>0 & cul o

s E()=0,,% 5,00 su~N(©0,67),v20

2

3390 muiS 2,8 S04 algsVar(u) =(7T—2 %u

A g, b 0=(0,,0,,0, ) kel

G0 590 sl BolS g s Wlasie :(V) Jgu

el tbes LTI (sl 5E) sl O e o )
s o B (cel) eVl
YO/ FYYA YYD o) )
VWY e vy 2blgs '
Y80 s ¥&\Y VY 3950405 ¥
A5 "wrs 044 o f
Ve/be VESF VFaF 2S5 ®
VA \FF Y4 oL 4
oy Vaay WAY ol v
VSV Yo A \ sl A
\SIA- Yas XY F o5l N
V7 Y5 FrY Kps "

I Maximum-Likelihood Estimation


https://dor.isc.ac/dor/20.1001.1.23225882.1395.3.9.4.4
http://journal.hydropower.org.ir/article-1-134-en.html

[ Downloaded from journal .hydropower.org.ir on 2025-07-28 |

[ DOR: 20.1001.1.23225882.1395.3.9.4.4 ]

WO)L«MJ/‘b}wJLw/L;:Td)JOL?B).ujAws‘&jf_wlcb)w ............................................................... 7Y

bt P (cele 1y &a) S 3 e oy s sy
s S (cel)ovl
Fr/a VAFA (Kag 33 "
VY5 VoA ALY ssmlbedgs Y
VE/O YYAS roOY Okt 4
¥/N o AY4 Py g i
Ve/oe V508 TVAF ¥ 0,8 0
¥H/AS OFF MY RI" \$
YE/5+ FEAY ABIA Ny 1\
Vv \\ai FAY 1deSle A
VY At Yy RITYI 4
VAP Fou \ (Ol) by Y.
VF/A \in%4 oA o, Y\
A/$ VIoY 0 R Yy
\LE Y55¥ ¥ L i
VSV a%d q ARGy Yf
\o/Fe YVA¥ YA v e S A
\o/b vag ¥ OS5 Y S s 12
e Yoo i VS v
WY Vary ¥4 5930k YA
VAN Yog yve [ SNWE)) rliu Y4
/% Ve PA FOVY ey ol ¥
o/ raNy ¥4 oLl *
YA/8s FA4A o Y ey Y

9oLl (5330 Jloxs Jto 50 ouds 31 1 (sl el sl :(Y) Jourr

G, G, 8

l?o [?1 .Ez T

SFA VARV /N4 }

=Y/AYNY | 20BN < /VEYO

/XYY +/A¥OY Voo FY

SFA-Clayton

=Y/PA8Y | /YD AARNY < /YYFY

&P o955 e by Matlab I8l i 5l Belas 55
s 23l U 3V sl i o Sl 5 oy sl
Matlab ,s ‘fminsearchbnd ;Lo 5 ool S5 05Y .ol

Sl oage ol Slawlxe [0 owlal i
&5 S 3 Bolai s5ye Jelod )0 a5 05d 00 (5500l
50 OgdS GLa.o.a odlgils g el ouls oolazl 55 hads
(Y) JS\.\? ) Ll o0l 4.»3)5 )Lf a uLa..,uL?r.A L)"‘

Gl (Bolas g0 Jelowi Jae ;0 0uds 0yl (slo il

el 0sts iyl oy, lae Cod )l 5l 610 0,40 oy
n Jodos Gy, 5l eelSy e 2l 2Ll ln
ouus eolarul dolal (5,0 Judxi g BCC § CCR) aosls
B pa0) Jol 9,50 90 dosls cpl jo jelaie ul gl ol
S eyt Olies 5 5399 Slyeas (0,55 bamgio g (IS
Slp el Sl (295 plyed oFgps )b
Shleosls cibgy Jodow By, L (o292l Dlewle
Jelos o9, b (osy 2Ll alze jo 5 EMS lj8le 5

! function
[x.fval.exitflag,output]=fminsearchbnd(fun,x0,LB,UB.optio
ns,varargin)


https://dor.isc.ac/dor/20.1001.1.23225882.1395.3.9.4.4
http://journal.hydropower.org.ir/article-1-134-en.html

[ Downloaded from journal .hydropower.org.ir on 2025-07-28 |

[ DOR: 20.1001.1.23225882.1395.3.9.4.4 ]

2 IR \yay JL»» ) LQL!‘)"ML?’”‘L})J 6[.@0@5).:.3 d‘)Ujg‘f‘MYY o

Sore S iy b plee cnl yo o) LB 5o o8y,
By (pll Olyear 3900 oy Lo o laitn
hate 25 b (Solar (550 Jelod (g, b (g o0 D)
Olyedr S9)unin 5 gyle i A o 93 S
ke s 45 el I 15 ) ook paa LIS cloelS's
o5y 0,00 )18 poes 43y )0 5 005 LIS BCC g, L s
Jelos BCC (29) a0 a5 Conl (005525 e 09900
&L s Sk s g o liliul (Bolar (s

oo ,S Byma IS 1y T o5 L
Sl ) o (Kol oo gl anlie
45 ot St (F) Jpir 3 S odliid Lol
o o3ls (LS gy Yoz o b ylais g0 slaclsy s IS
RreS 45 dglige oS zadeh (F) Jour 5l ol
L olai g5 bl L BCC g, ol (o 555l
e 455 sk ol (S Lade & 1 ool
63 ity b ) el SYIAS o] s o
o sl ioles 5550 oo gy b5 o
Sl S lade mb 31 colul L Bolas (g5,
ol 5 el QUEV, o] ol (s Krad 45 5ot
2o VYV -l BCCy CCR ol 6,5k oo

Pl G50 Jelo Joo ar bgiye Jgl s ool oads
Jelos Jos sloyiall, ol g0 yaws 5 (SFA) ol
SFA-) ogdls labe &b dlen o (ol (55
Sy9lp Vo Y ol Jade ab jlil .l (Clayton
Qo3 VEEY LU ¥ s SIS o 5,003 g 00
((V+) adaly & axgh) a5 canl cpl oasmolis ol ol
(Kot (0l 9 313 0929 U 9 U (0 (soplitns (St
95910 Jow 5 00 Var(e) uibly (ials el pubine
S el B3B8 (ohg) @IS axys 5 ;S sl gl
oo g0 baosls (abgy Jolos b LI b)) )0 Bk

855 )18 aiae 63959 9,509, L 99 ,» BCC 5 CCR
@ olSy, by 2L Slbre @S (V) Jgoz 50
odls ooy ylis ealh sy b9, Jlez ;o b plaS e g, ol jen
Syl 5 Wl be LS sloolSy s CCR g, b oo
So sleds) 50 5 4 &S () (st 5 059959
00 BCC g, b a5 ol o 50 ol il § )15 ans b

Loy ol 4o 50 Laseios LIS sbaolSy 15 ylgreay oSy

POl 550 Julon g Wrodld (b Sl b axdllans y90 (saolg i (b9, ()1 :(T) Jour

SFA SFA-Clayton BCC CCR elS s 5 Gy

455 =S 455 =S 45, Uy 45 b

" v8/¥A% VY w/v% 4 v¥/AA% Yy 04/v#% o \
4 ov/$6% 4 oA/#5% \i4 /¥4 % \i4 oF/AA% sblgs \
o 1¥/64% o 10/66% WY /% 1 YAIO¥% 395005 ¥
¥ *A/¥8% "\ YAI8AY% lal YA\ % ¥\ v¥/Y4% oW 1
\0 VEre% \0 VYo% 14 A 1¥5% )Y YA/Y$% oS el 0
% V1A% \A vi/% Y /4% A M6 % ol §
Y Yav\% vy Y4/M% ¥4 00/0\% rY YN$A% RS v
\e A% \e AV/W% 1 Voo % \ Voo % Sl A
I4 4v/4.% v /% 0 ar/fo% v 4/ % Fos,l8 q
\D #9/£v% \4 VY% A% 64/44% ¥ ov/f% K ass Ve
A AV $% q AVIM Y ) 14+% Y /1% 33 N
¥ FF % ¥ FYIAY % vy v/YY% ¥ v/ v% BYARWA) Y
\# e\ % \# vv/5:% A\l v /or% P 94/¥A% Oledoitonas 4
v ANV % YA v/ % 0 Vo o% A w1 % w5 \F
4 #5/100% Yy #¥/¥0% Y. v+/46% 10 #4/\v% Yol \0



https://dor.isc.ac/dor/20.1001.1.23225882.1395.3.9.4.4
http://journal.hydropower.org.ir/article-1-134-en.html

[ Downloaded from journal .hydropower.org.ir on 2025-07-28 |

[ DOR: 20.1001.1.23225882.1395.3.9.4.4 ]

i o)l [ pons Jloo | 25y o9y 5 s (iR - sole 40

SFA SFA-Clayton BCC CCR welS s 5 Fuy
5) b 5) b ) b 3] s
Y A/Y4% \ (R 7A v (LA Y vr/ov% O,k \§
v /% i4 4/08% g 45/f0% Ve var% Ny Y
) #9/¥¢% A 8/ ¥% ¥ v % 14 #9/\v% BRWS A
¥ 10/Y7% ¥ 45/YA% A 1400% (3 144% 03393 14
A 04/¥v% Yy #Y/44% 3 (LA v (7 (Olm) A tgs Y.
W Vo s% 13 v&16v% A VY% \$ 2N RIEYIeS A
\F Ve Y% 14 vevwW% q 144% q A /FF% Ol Yy
¥ 10/+¥% 3 /% Y Voo % i 4V/v¢% F S A
) AD/F*% 8 M/ % N 14/Ar% A VMm% \JC kY i
A #4/$A% 17 VAYA% Yy VY% WV wINY% v S Yo
YA /4% 26 FANAY YA o8/"v% Y4 FO/¥1% OS5 Y S8 \d
Y4 Fo/vF% 29 *5/A% Yo #2/¥4% YA ££/60% VS YV
\ Voo % 2 Voo % 1o Voo % o WA Y% 39 ki YA
\Y V&1 W% 11 Wi\ % WV v/55% Y. #0/Y¥% (2l odgd) 86 Y4
\14 FaNve% 27 FANYY% \d AR\ % Yo ov/Y+% Ay ol v
A oF/6¥% 25 0#/Y¢% ¥ 0+ /A% \% f4/.Y% olullE )
Yy #YIAY % 20 v/ A% Y [ 7A Y\ $¥/1% | JGIES YN rY
09930k 32 L Lolig i (2L 4y (et (Swaor :(F) Jgu
SFA SFA-Clayton BCC CCR
VOV CVFVY VYA \ CCR
JFFVD PYAS | VY BCC
+/44¥) \ Viar\Vd CINYVY SFA-Clayton
\ +/44¥) Viaal] WAL SFA

Polal 30 Jukoni g Wosld (Liudigy Juloi I ol anllland jg0 laolig s (g () Silee :(8) Jour

) Al
<5 | @S o5 % < | @bs o5 %
| A% Nor.4 W[ WA | YVAYY% o \
YY | #5/00% [FRWSW W oYe | oAYY% sblge \
Y AV/M% 0339, 4 A AV /0% S04l Y

g
W A% D ¥ | vveY% Ry ¥
(Olte)
V| V% o, \ V| veer oS el 1)
W | AYS% Ol Yy W[ A% ol 4
v A% F S L ol | vens oW 2
O | AY/VA% Yl S e 7| A% &Sl A
Yoo | VY% v el S 1 v o A% F o, )
YA | FUTA% | OlusSTsY S | Y| oYe | sYvE% Kas \e
YA | OV/FY% VS L v Voo | AFVE% 33 "



https://dor.isc.ac/dor/20.1001.1.23225882.1395.3.9.4.4
http://journal.hydropower.org.ir/article-1-134-en.html

[ Downloaded from journal .hydropower.org.ir on 2025-07-28 |

[ DOR: 20.1001.1.23225882.1395.3.9.4.4 ]

................................................. yyay JL«» )b L‘EU‘)JM@‘O)J 6[.@0@5).:.3 @‘)Ssg‘f‘wv\' o

2 . D =z . 2
A....v') &‘)K alfjj:y .,3’ A.:JJ &‘JK alf}J:v .3‘
V| 44/YA% 55 ydoir YA ol F08% | peleagd Y

P56
W VY Y4 V| 71748% | Olesludoens Y

(lrytgs)

Ys | 00/4Y% Ay ol v Y| 65/71% a5 ¥
wWo| avse% bl Yol | 617% Yo, »
10| VVYY% YOS ey vy F | 92/95% Oyl At

ST Bk (il o &S bl g e ganate
sais ad 5 Lai o T sleolSy i 5 oo (gl gamaiws
Goiaws il o Slee b)) sl 950 o0 sloiing conl
e 355 alol (25l 09,5 38 40 e 5 00 plox]
Dol b Soeploe 03l SG 0 5 S ST annlie Glgi o
Jho o o hilaie jo sl Sas STz 95 el
Gr oy Jlo ples jo amyo adl odls g, Jlsas
il a8 oSy )]

Sl olai i sladae )3 3580 i Geizren
o) Sylite (Kwron o)l b lads &l gl
&l wisginl Jabe &l qouwarad)) lade ol
5 03,5 oolaiwl (... “J.E.‘:.....a Shato 2l wglS Lade
29 dalio oo b Jol> gl

&=l
30 & ly Copoe ohg Hlpl Gp Ceis Jleads )LJ -\
&l Coglan yuilys pansy jole <8 25 ATAY Lo ol wiiul

ofkee Sbs)" LOYA) o wssmlyx e ) cands -
g el gy el b plpl (Gl sleelSy s
(Sl el care o uilaS sl Mol

O Ol oiils 8 eusisls
oy s aalllas” OV o) p ol ez bbb Y
led e e 5 552 oS5y plonaz sladlsy
Ole e e (6550 Gliasil paand 95 5 0l 6550 e

e “SQJJL.«J “z- l. o “561”&‘-1" “p P ‘LS’LW‘M -f

Kz il Jels as) g ) ami Sl 4 azg b
Jols 2l 5eSilee il Soglitte oSy 5 sy 3,
g b olSyy 4y e 5 oseliemdny (39, ez )
Laosi g, ol ot dlone o uols 1S uSils
SO bl culond 48,5 (IS 4 (Y1) Hal5 0 9 5 l0
S S Glyieds 5 ey el oad L1 0) Jgor
3 50 o8gps 2L SiS (lgies gy sk 2 5l B
P F T g 03999 ols s i 4 g ool W],
53 Ol o8y LIS )l )8 ps g ped slaas,

o 45,5 o 3T 4,

S 35 Az
gty 5l olpl @l@p g, YT LIS Jbs)l sl
Jels 9 BCC 5 CCR sl Jow) eosls iy Julow
Sy Jelow yo lake @ly Jhsy 5 g (Solal (55
o;)lf .la...q}o.n 9 é"\) d).a.o 9 ol o\)u.';.ml ‘:QQLAJ
Bgyd Cud)ls 51 o)lopore lime 5 639)5 Olyreay
aS ol glis Slawlre wial QBSl 2g,5 laiea
Slp ) sz N So el Jeols as) 5 )5 s
(LS oami glaeay gyl el Dolate oSy
o 9 00 Anle g, 5z 5l ol o) 2SSk
a8 dplee Jol> oLl Sl b az g5 b baolS'y s a3
sy & 51 4y 5 o9 y0che o5y @ gl 4, oS

8,5 sl s
O ilwo 33 30 bl Lulul p T slaolSs 5 Vaone
"0 el Shyz g (S Al 90 4 o Shyx b

B oy gl b adgl Bas el 5 iomen 5 wigd

! Independent Copula


https://dor.isc.ac/dor/20.1001.1.23225882.1395.3.9.4.4
http://journal.hydropower.org.ir/article-1-134-en.html

[ Downloaded from journal .hydropower.org.ir on 2025-07-28 |

[ DOR: 20.1001.1.23225882.1395.3.9.4.4 ]

o 0 los | o Sl | (2150 085,05 g o iy = (code A i e 24

12- Banker, R. D., Charnes, A., Cooper, W. W.
(1984). “Some Models for Estimating Technical
and Scale Inefficiencies in Data Envelopment
Analysis.” Management Science. 30(1), 1078—
1092.

13- Carta, A. M. and Steel, F. J. (2012).
“Modelling multi-output stochastic frontiers
using copulas.” Computational Statistics and
Data Analysis. 56(1), 3757-3773.

14- Charnes, A., Cooper, W. W. and Rhodes, E.
(1978). “Measuring the Efficiency of Decision
Making Units.” European Journal of Operation
Research. 2(1), 429-444.

15- EI Mehdi, R., Hafner, C. M. (2014).
“Inferences in stochastic frontier analysis with
dependent error terms.” Mathematics and

computers in simulation. 102 (August), 131—
143.

16- Habiboellah, F. (2007). “Copulas,
modeling dependencies in Financial Risk
Management.” Purmerend, December.

17- Meeusen, W. and Van Den Broeck, J.
(1977). “Efficiency estimation from Cobb-
Douglas production functions with composed
error.” International Economic Review. 18(1),
435-444.

18- Najjari, V. and Mirzapour, A. (in press).
“Investigating location of solar plants by several
methods.” Journal of Applied Statistics.

19- Nelsen, R. B. (2006). An Introduction to
copulas. Second Edition, New York, Springer.

20- Sklar, A. (1959). “Fonctions de répartition
andimensions et leurs marges.” Publications de
I'Institut de statistique de I'Université de Paris.
8, 229-231.

21- Smith, M. D. (2008). “Stochastic frontier
models with dependent error components.” The
Econometrics Journal. 11(1), 172-192.

Sl g 25509, b ST Sl eslitul b pdynaes §p adys
oS cpdgl Mol 0iS olle uuad Waools by g
2 G dewge .S58l syaelin 5 o pae Ml
YOl Ol (8 0aSEls 5 655 rsaalin 5 S poe

ol > 1Y

OYAY) o ese) wdd oolys w0 oy She ol ol -0
Jelos 5l oolizal b pigapans G solSy s sanas,
MYl o jeiS e leelS s dassls iy
T oSdls dapras 5 lio (i o LS ey

Sl asly ol

pll” LOYAY) o gl g o« wp elmd -
5 hed ol e 5 goladdl clilae
Y oy50 csolamdl pole dolidad "aigy 43S &l 5 slea

FA-YY LYY o Lol

ol s ol L(VYAY) Lo cidulos 5. o ygie =Y
)5,...5 @‘ ‘_gL(boij).u &n u.w‘)ﬂ.: U’-"Jj‘ "CA-&AQ-J‘)L?‘ZQ e ‘5;‘

Ol Olnl G5 5l i anwgs o555

bkl "3 a8 slaling, 0 (6l 455 51 3 el
o1 ol&ils (5 lasle 5 olamdl ouSlails )l wlis IS

SWolSy 5 oy " OVYAY) o ccsolns 5.6 o eoobal e -4
gle olazdl cajlme g5l glSae 5l ol
Ohled ey ULl ol 5 (K505 piynas
Silotinte Olojlo Gleitle 0 S g Bpae gl

OIS oot VP )92 S gm0 e
10- Aigner, D. J., Lovell, C. A. K. and Schmidt,

P. (1977). “Formulation and estimation of
stochastic  frontier production functions.”

Journal of Econometrics. 6(1), 21-37.

11- Amsler, C., Prokhorov, A. and Schmidt, P.
(2014). “Using copulas to model time
dependence in stochastic frontier models.”

Econometric Reviews. 33 (5-6), 497-522.


https://dor.isc.ac/dor/20.1001.1.23225882.1395.3.9.4.4
http://journal.hydropower.org.ir/article-1-134-en.html

[ Downloaded from journal .hydropower.org.ir on 2025-07-28 |

[ DOR: 20.1001.1.23225882.1395.3.9.4.4 ]

Journal of Dam and Hydroelectric PowerPlant / VOl. 3 /N0. 9 c..oooviiiiiiiieiineeeeee ettt 5
Investigation of 32 Iranian Dams and the Efficiency of Their Powerplants
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Abstract

The main aim of this research is studying the 32 fundamental Iranian
dams and investigating their efficiency scores based on their
performance in 1393 and ranking the powerplants by using data
envelopment analysis and stochastic frontier analysis methods. Using
copula technique in the stochastic frontier analysis is an advantage of
this study in comparison to similar researches. EMS and MATLAB are
two programs used to evaluate the efficiency of powerplants and the
average of the efficiencies calculated by the four methods are used to
rank powerplants. Results have shown that Sefidroud is the most
efficient center and Taleghan is the least. To compare the results of the
models, the correlation between the efficiency calculated by each model
is taken into consideration. The least compatibility is obtained between
results of BCC and SFA-Clayton models which is 63.86% and the most
compatibility is between results of standard SFA and SFA-Clayton
models which is 99.41%. Meanwhile the compatibility between results
of CCR and BCC models is 72.10%.
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